Objectives: To examine whether polymorphisms in the RNA granule component tudor domaincontaining protein 7 (TDRD7) gene are associated with susceptibility to age-related cataract (ARC) in a Han Chinese population. Methods: Patients with ARC, and age-, sex-and ethnically-matched healthy control subjects were enrolled in the study. Five single nucleotide polymorphisms (SNPs) within the TDRD7 gene, rs1462091, rs11793735, rs10981985, rs2045732 and rs1462089, were genotyped using a SNaPshot Õ Multiplex Kit. Results: The study included 271 control subjects and 218 patients with ARC. The rs10981985 SNP was associated with ARC in dominant (odds ratio [OR] 0.561, 95% confidence interval [CI] 0.388, 0.809) and allele dose (OR 0.619, 95% CI 0.455, 0.841) genetic models. The rs10981985 A allele frequency was lower in patients with cortical ARC than in control subjects (OR 0.502, 95% CI 0.315, 0.801). The rs10981985 polymorphism was significantly associated with cortical ARC in a dominant genetic model (OR 0.431, 95% CI 0.251, 0.740). Conclusions: The present study suggests that the rs10981985 G ! A variant within the TDRD7 gene may protect against cortical ARC in a Han Chinese population.
Introduction
Age-related cataract (ARC), which increases in prevalence with age, ranks as the leading cause of blindness among the elderly. 1 ARC is a multifactorial disease in which physiological conditions, environmental components and genetic differences result in the development of the clinical manifestations. 2 There is some evidence of a genetic component to ARC. For example, it has been found that family history was a risk factor for cataract, 3 while the strongest evidence came from a study of twins that demonstrated a significant heritability for ARC. 4 Increasing evidence suggests that genetic variants, particularly single nucleotide polymorphisms (SNPs) within several genes, are critical determinants of interindividual differences among patients who suffer from ARC. The genes whose genetic variants have been reported to be linked to ARC include WRN, 5 EPHA2, 6 OGG1, 7 SOD1, 8 GSTT1 9 and CRYGD. 10 Identifying the SNPs in the key genes that account for lens transparency may contribute to new tailored diagnostic and therapeutic interventions for ARC.
RNA granules, which lack a limiting membrane and are visible using light microscopy, serve as key modulators of posttranscriptional and epigenetic regulation of gene expression. 11 RNA granules are cytoplasmic complexes of protein and mRNA that control mRNA degradation, stabilization and subcellular localization. 11 The gene TDRD7, which encodes for the RNA granule component tudor domain-containing protein 7 with rich expression in the vertebrate lens, has been shown to play an essential role in cataract formation. 12 Research demonstrated that a human TDRD7 mutation caused cataract and that the lenses of TDRD7 null mutant mice appeared to become opaque with age. 12 There is reliable evidence that the TDRD7 gene might be an important determinant of lens transparency and that the perturbation of TDRD7 gene expression might influence susceptibility to cataract. 12 These previous findings suggest that the RNA granule component TDRD7 protein might be involved in the pathogenesis of cataract. In view of the important role played by the TDRD7 gene in maintaining lens transparency, it was hypothesized that genetic variations causing TDRD7 gene dysfunction might disturb the regulatory mechanisms of the lens and subsequently modify the risk of ARC. Therefore, this present study analysed five SNPs within the TDRD7 gene to assess their association with ARC in a Han Chinese population. 
Patients and methods

Study population
Selection of SNPs and bioinformatics analysis
This present study focused on the sequence of the human TDRD7 gene from 7 kb upstream of the transcription starting site to 7 kb downstream of the stop codon. Genetic variation data for the TDRD7 gene was obtained from the HapMap Project database for an unrelated Chinese Han population in Beijing. 14 SNPs in the region of interest were selected that satisfied two of the following criteria (i þ ii or i þ iii): (i) the minor allele frequency (MAF) of all candidate SNPs was required to be >10% due to sample genotyping efficiency; (ii) the SNP was located in an exon and caused nonsynonymous variation; (iii) the SNP was located in the untranslated region or flanking region of the gene and was located in a potential transcription factor-binding site or microRNA targeting site. The potential effects of these polymorphisms were identified using online software. 15 
DNA extraction and genotyping
Venous blood samples (3 ml) were obtained from study participants and collected in vacutainer tubes containing 1.2 mg/ml ethylenediaminetetra-acetic acid. Immediately after collection, the venous blood was stored in aliquots at À80 C until use. Genomic DNA was extracted from the leukocytes in 200 ml venous blood using the TIANamp Blood DNA Kit (DP318; Tiangen, Beijing, China) according to the manufacturer's protocol. The SNaPshot Õ Multiplex Kit (Applied Biosystems, Foster City, CA, USA) was used to genotype the candidate SNPs. The polymerase chain reaction (PCR) primers and SNaPshot Õ probes are presented in Table 1 ; they were synthesized by Applied Biosystems (Shanghai, China). First, each SNP was amplified using a multiplex PCR, which contained 1 ml genomic DNA, 0.5 ml deoxyribonucleotide triphosphate (Invitrogen, Carlsbad, CA, USA), 0.5 ml of each primer, 0.2 ml Platinum Õ Taq DNA Polymerase (Invitrogen, Carlsbad, CA, USA) and 19 ml water. The PCR conditions were as follows: an initial denaturation step at 95 C for 2 min, followed by 35 cycles of denaturation at 94 C for 20 s, annealing at 58 C for 30 s, and elongation at 72 C, for 40 s, followed by a final elongation step at 72 C for 10 min. The PCR products were mixed and used as a template in the SNaPshot Õ PCR reaction. The SNaPshot Õ PCR was run in a 5 -ml volume containing 1.5 ml PCR product, 2.5 ml SNaPshot Õ Multiplex Kit and 1 ml probe mix. The PCR conditions were 25 cycles of denaturation at 96 C for 10 s, annealing at 51 C for 5 s, and elongation at 60 C for 30 s. Electrophoresis of the mixture was carried out on the Applied Biosystems Õ 3730 DNA Analyzer (Applied Biosystems, Foster City, CA, USA). The sequence data were analysed using Genescan Õ analysis software version 4.0 (Applied Biosystems, Foster City, CA, USA). Ultra pure water was used in the negative control for each reaction in the SNaPshot Õ PCR. To validate the accuracy of the SNaPshot Õ PCR, 10% of the samples were randomly selected for direct sequencing (Invitrogen, Shanghai, China). The genomic DNA was amplified using PCR and Platinum Õ Taq DNA polymerase (Invitrogen, Shanghai, China). The DNA was sequenced using a BigDye Õ Direct Cycle Sequencing Kit on the Applied Biosystems Õ 3730 DNA Analyzer (Applied Biosystems, Foster City, CA, USA). The sizes of the SNaPshot Õ PCR products that were used to determine the genotypes of the patients and control subjects are shown in Table 1 .
Statistical analyses
All statistical analyses were performed using the SPSS Õ statistical package, version 17.0 (SPSS Inc., Chicago, IL, USA) for Windows Õ . Differences between the patients and control subjects were evaluated using the independent-samples t-test or one-way analysis of variance for continuous variables; and the 2 -test or Fisher's exact test (t < 5 or n < 40) for categorical variables. For the statistical analysis of categorical variables, if the expected count was <5 or the total count was <40, Fisher's exact test was used to adjust the accuracy of the 2 -test. Three genetic models (dominant, recessive and allele dose) were used in the study to test the distribution of different genotypes or alleles. The 2 -test for Hardy-Weinberg equilibrium was applied to the SNPs in the control subjects and patients. The odds ratios (ORs) with 95% confidence intervals (CI) were calculated between each polymorphism genotype allele and the patients and control subjects. The extent of linkage disequilibrium between polymorphisms was determined using the SHEsis software. 16 Default settings were applied to these analyses that invoke r 2 > 0.8 to define SNP pairs in strong linkage disequilibrium. The P-values were corrected with the Bonferroni correction by multiplying by the number of analyses performed. A P-value < 0.05 was considered statistically significant. Power calculations were performed using power and sample size calculations. 17 
Results
The study population comprised 218 patients with ARC and 271 age-, sex-and ethnically-matched healthy control subjects. The baseline clinical characteristics of the study participants are shown in Table 2 . There were no significant differences in sex distribution or age between the overall patient group and the control subjects, and between the different subtypes of patients with ARC and the control subjects, which suggests that the data from the patients with ARC were comparable with those of the control subjects.
For the TDRD7 gene SNPs that caused missense mutations, only the MAF of rs2045732 was >10%. To identify candidate SNPs that contribute to ARC, bioinformatics software was used to choose four potential functional SNPs (rs1462091, rs11793735, rs10981985 and rs1462089) in the 7 kb upstream of the transcription starting site. There are no SNPs in the 7 kb downstream of the stop codon. All four candidate SNPs are 5-flanking region SNPs that have a potential effect on the binding of transcription factors. In total, five SNPs (rs1462091, rs11793735, rs10981985, rs2045732 and rs1462089) were selected for this study cohort. The bioinformatics analysis results and characteristic details of the five candidate SNPs are shown in Table 3 .
The results showed that the five SNPs were consistent with the Hardy-Weinberg equilibrium in both the control and patient groups. The power calculation indicated that the study cohort had 80% power to detect an association. As shown in Table 4 , the frequency of the A allele in the rs10981985 SNP was significantly lower in the group with ARC than in the healthy control subjects in an allele dose genetic model (P ¼ 0.002, Bonferroni-corrected P-value [P c ] ¼ 0.03, OR 0.619, 95% CI 0.455, 0.841). In a dominant genetic model, the frequency of the GA þ AA genotypes of the rs10981985 SNP was significantly lower in the ARC group (P ¼ 0.002, P c ¼ 0.03, OR 0.561, 95% CI 0.388, 0.809). As shown in Table 5 , after stratification by different subtypes of ARC, the A allele frequency of the rs10981985 SNP was found to be lower in patients with cortical ARC than in healthy control subjects in an allele dose genetic model (P ¼ 0.003, P c ¼ 0.036, OR 0.502, 95% CI 0.315, 0.801), and the rs10981985 SNP was significantly associated with cortical ARC in a dominant genetic model (P ¼ 0.002, P c ¼ 0.024, OR 0.431, 95% CI 0.251, 0.740). rs10981985 was also significantly associated with mixed type ARC in dominant (P ¼ 0.006) and allele dose (P ¼ 0.014) models; however, they lost their statistical significance after Bonferroni correction (corrected Table 5 ). For the four remaining SNPs, no other significant differences were observed in the distribution of their alleles and genotypes between patients with ARC and control subjects. The haplotype analysis results indicated that three (rs1462089, rs11793735 and rs1462091) of the five candidate SNPs were in strong linkage disequilibrium (Figure 1 ). There were no significant differences in haplotype analysis between patients with ARC and control subjects (data not shown).
Discussion
Tudor domain-containing protein 7, as a component of RNA granules, has been shown to play a vital role in maintaining lens clarity. 12 The present study investigated the prevalence of TDRD7 gene polymorphisms in a Han Chinese population with ARC, and the results indicate that the rs10981985 SNP is significantly associated with ARC and that the A allele may be a protective factor against ARC, particularly the cortical subtype. Post-transcriptional regulation of gene expression is crucial for almost all eukaryotes. To some extent, RNA granules are key modulators that help determine the fate of mRNA. 11 The TDRD7 gene is located at 9q22.33, is a member of a tudor domain-containing family and contains five conserved tudor domains and three LOTUS/OST-HTH domains. 12 The LOTUS/OST-HTH domain is a specific type of helix-turn-helix domain that is predicted to bind RNA. 18, 19 Research has demonstrated that TDRD7 mutations in both humans and mice could result in cataracts that become severe with age. 12 TDRD7-specific RNA granules are distinct from other known RNA granules. 12 RNA granules in somatic cells are mainly classified as either processing bodies or stress granules. 11 A previous report also demonstrated that TDRD7-specific RNA granules can interact with process bodies and frequently with stress granules. 12 Coincidentally, some evidence supports an association between stress granules and ageing. 20 Lower TDRD7 mRNA levels were found inn ARC lens epithelia than in clear lens epithelia by microarray analysis. 21 In TDRD7 gene knockdown cells and the TDRD7 null mouse, several regulatory genes with relationships to cataract, including CRYBB3 and HSPB1, 22 were downregulated. 12 Other research confirmed the phenomenon of cataracts in TDRD7 null mice. 23 Based on these previous findings and those of the present study, the TDRD7 gene may be a crucial gene involved in controlling lens clarity and decreased TDRD7 expression may cause ARC.
As shown in the present study, among the five candidate SNPs selected in this study cohort, only the rs10981985 SNP had relevance to the development of ARC. Patients with the rs10981985 A allele were found to have reduced odds of developing ARC (OR 0.561, 95% CI 0.388, 0.809). After stratification analysis by different subtypes of ARC, these associations were slightly stronger in the patients with cortical ARC (AA þ GA versus GG: OR 0.431, 95% CI 0.251, 0.740; A versus G: OR 0.502, 95% CI 0.315, 0.801). In addition, the differences between the mixed type ARC group and the control group lost their significance in the dominant and allele dose models following Bonferroni correction (Table 5 ). It indicated that different subtypes of ARC might have different genetic susceptibility. The mixed type ARC genetic mechanism remains to be further elucidated. The cortical subtype of ARC seems to have more significant genetic effect and obvious familial aggregation in the elderly population. 24 Furthermore, various studies have suggested that the cortical subtype of ARC seems to have a higher inherited tendency in the Han Chinese population. 5,7-9 Moreover, the results from the bioinformatics analysis in the present study indicated that the rs10981985G!A variation may cause the sequence to lose the ability to bind to the transcription factor IKAROS family zinc finger 1 (IKZF1, also known as LYF-1; Table 3 ), which might subsequently cause different ARC incidence in individuals with different genotypes. As mentioned earlier, rs10981985 is located in Figure 1 . The linkage disequilibrium values of the five candidate single nucleotide polymorphisms (SNPs) of the RNA granule component tudor domain-containing protein 7 (TDRD7) gene in a Chinese Han population. The linkage disequilibrium values were estimated using the SHEsis software. 16 Values of the r 2 Â 100 are shown in the blocks and higher r 2 values are indicated by a brighter red. Three SNPs, rs1462089, rs11793735 and rs1462091, were in strong linkage disequilibrium.
the 5 0 -flanking region of the TDRD7 gene, and the 5 0 -flanking region may contain promoters, enhancers and other protein-binding sites that produce numerous biological effects. As for other candidate gene studies, there were several limitations in the present study. First, the patient group was recruited solely from a Han Chinese population, so the results need to be confirmed in other ethnic groups. Secondly, the classification analysis of ARC may lead to an insufficient sample size for each individual subtype: larger sample sizes will be needed for subsequent studies. Thirdly, extensive research is required to clarify the precise mechanism by which the rs10981985 SNP influences susceptibility to ARC.
In summary, this present study suggests that the rs10981985 G!A variant in the RNA granule component gene TDRD7 may protect against ARC in a Han Chinese population. The rs10981985 SNP might be used as a biomarker for the diagnosis and prevention of ARC in the Han Chinese population. To the best of our knowledge, the present study is the first report to identify an association between an RNA granule component gene TDRD7 SNP and ARC in a Han Chinese population.
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